spaces in 26 (32%) of the MS patients while in the control group, there were 8 dilated VR spaces in 6 (7.5%) patients and the difference was statistically significant (p ! 0.0001). Conclusion: The data showed that dilated VR spaces in the supraventricular region could potentially be used as a marker for MS and as a prognostic tool. However, further studies with a larger population are needed to further evaluate and confirm this observation.
Introduction
Virchow-Robin (VR) spaces are pia-lined extensions of the subarachnoid space surrounding the small arteries and arterioles that perforate the surface of the brain and extend into the substance of the brain parenchyma [1] . Vascular ectasia and tortuosity, increased vessel wall permeability, decreased vascular compliance, ex-vacuo change in cortical atrophy and ischemic perivascular tissue loss are believed to be responsible for dilatation of VR spaces [2, 3] . Several researchers have described the value of VR spaces in a number of disease processes such as small vessel disease, dementia and hypertension [4] [5] [6] , but few have analyzed the relationship between VR spaces and multiple sclerosis (MS) [7] [8] [9] .
Key Words
Magnetic resonance imaging ؒ Multiple sclerosis ؒ Virchow-Robin spaces ؒ Arabs Abstract Objective: To assess the frequency and extent of dilatation of Virchow-Robin (VR) spaces at three levels of the brain in patients of Arab ethnicity in Kuwait recently diagnosed with multiple sclerosis (MS) and compare the results with ageand gender-matched controls. Methods: The magnetic resonance imaging (MRI) scans performed within 3 months of the clinical diagnosis of 80 patients recently diagnosed with active MS were compared to those of 80 age-and gendermatched controls with headache but without any neurological deficits for the frequency and size of VR spaces. MRI was done with noncontrast axial and coronal T 1 W FSE, axial T 2 W FSE, axial T 2 W FLAIR and sagittal FLAIR sequences followed by postcontrast axial and coronal T 1 W sequences. The frequency of VR spaces in MS patients and controls at midbrain, lenticulostriate vessels and supraventricular levels was analyzed using a two-tailed McNemar test. Results: There was no difference in the frequency of VR spaces at the levels of the midbrain, lenticulostriate vessels and supraventricular white matter between MS patients and controls. In the supraventricular region, however, there were 91 dilated VR MS is a chronic debilitating disease of the central nervous system believed to be immune-mediated, and although its etiology is still unknown, possibly related to a combination of genetic and environmental factors [7] . Most MS lesions have been shown to be in a perivenous location or on pial and ependymal surfaces. An accumulation of inflammatory cells in VR spaces is an important characteristic in acute lesions [10] . It has been suggested in previous studies that dilated perivascular spaces could be more predominant in patients with this disease [7] [8] [9] . Hence, the aim of our study was to determine the frequency and degree of dilatation of VR spaces at three levels in patients of Arab ethnicity newly diagnosed with MS and evaluate whether there is a statistically significant difference in the number and size of VR spaces in this group.
Subjects and Methods
This was a case-control study of 80 patients (age range 15-49 years) who fulfilled the criteria of recent onset of MS, all of whom had undergone magnetic resonance imaging (MRI) within 3 months of initial presentation (between January 2010 and February 2011) with neurological symptoms clinically suggestive of MS. Patients were diagnosed using McDonald criteria for MS following clinical evaluation. MRI studies and other clinical tests including cerebrospinal fluid (CSF) analysis were done when required. Eighty individuals were age-and gender-matched to controls who presented with headache without any neurological deficits and who also had normal MRI studies performed within the same period ( fig. 1 ).
Brain MRI was done on a 1.5-tesla machine (GE Signa 1.5T Echospeed) using an 8-channel head coil. The noncontrast sequences included the axial and coronal T 1 W FSE, axial T 2 W FSE, axial T 2 W FLAIR and sagittal FLAIR sequences. After intravenous contrast by manual injection of 0.1 mmol/kg body weight of gadodiamide (Omniscan, GE Health Care, Cork, Ireland), axial and coronal T 1 W FSE sequences were performed.
The VR spaces were identified using the following criteria: punctate foci that were of CSF intensity on all pulse sequences; areas conforming to the pathway of the penetrating arteries; areas that had no mass effect, as previously described [11, 12] . The absence of any rim of hyperintensity on the FLAIR images was used to differentiate VR spaces from old lacunar infarctions [4] .
The frequency of VR spaces was evaluated at three levels in the brain parenchyma: level 1 -the midbrain; level 2 -the lenticulostriate nucleus, and level 3 -the supraventricular region ( fig. 1 ) . A grading scale was applied ranging from 0 = no VR spaces to 1 = 1-3, 2 = 4-7, and 3 = 1 7 VR spaces as described by Achiron and Faibel [9] . The side with more VR spaces at each level was used for grading [13] . VR spaces were considered to be dilated if they were 6 2 mm [9] . As above, the side with more dilated VR spaces was used in the analysis. Statistical analysis was performed using the two-tailed McNemar test.
Results
At the three evaluated levels, a greater number of VR spaces were noted in the supraventricular region with 20 (25%) of 80 patients with MS and 24 (30.3%) of 80 subjects who had a frequency of grade 3 ( 1 7). At the midbrain level a large number of patients (72, 90%) and controls (75-93.8%) did not have any VR spaces. The greatest number of VR spaces at the level of the lenticulostriate vessels was noted to be grade 1 (1-3 VR spaces) in both patients and controls. Importantly, there was no increase noted in the frequency of nondilated VR spaces in the MS group compared to the control group at all levels. In fact, the number was smaller in MS patients compared to controls in the supraventricular region. At the other two levels, the number was comparable ( table 1 ) .
There was no difference between MS patients and controls at levels 1 and 2 in the number of dilated VR spaces with no dilated VR spaces in patients or controls In the control group, there were 8 (7.5%) dilated VR spaces in 6 patients, between 1 and 2 in each. The calculated p value for dilated VR spaces at the supraventricular level was ! 0.0001. 
Discussion
In our study, in the supraventricular region, there was a significantly larger number of dilated VR spaces noted in patients with recently diagnosed MS than in the controls.
There was, however, no significant increase in the frequency of VR spaces in MS patients compared to controls at the midbrain level, basal ganglia and in the supraventricular region.
VR spaces are potentially one of the most important entry routes of soluble proteins as well as of leukocytes into the central nervous system [14] , believed to be associated with the transfer of soluble factors between the extracellular fluid of the brain and the CSF. This has been elucidated through ultrastructural studies and also through the intracerebral injection of tracer substances [15] . Macrophages containing major histocompatibility complex antigens can trap foreign antigens entering the brain [16, 17] . The accumulation of activated macrophages in large numbers and T and B lymphocytes can result in a significant immune response, as occurs in MS. The demyelinating lesions of MS are typically situated adjacent to veins or on pial and ependymal surfaces. There are cuffs of inflammatory cells present in VR spaces as a prominent feature of acute MS plaques, and this perivascular accumulation of cells could either be due to the resultant overflow of immune response or the stimulating antigens being confined to cells in the perivascular spaces [10] .
There have been several studies that have found a higher incidence of dilated VR spaces in hypertension [5] , white matter lesions of leukoaraiosis [18] , dementia [6] and retinopathy in diabetics [19] and have suggested an association of dilated VR spaces with disease entities related to small vessel disease. In a recent study, Zhu et al. [20] evaluated a large cohort of elderly subjects and found a strong association between the severity of dilated VR spaces and age and hypertension. The severity was also related to the volume of white matter leukoaraiosis and lacunar infarctions as seen on MRI. They concluded that there appeared to be an independent association between the degree of dilatation of VR spaces and age, hypertension, volume of white matter hyperintensities, and lacunar infarctions, and accordingly suggested that dilated VR spaces be considered another marker of cerebral small vessel disease in the elderly. Animal studies have also revealed that in acute and chronic autoimmune encephalomyelitis (the animal model for MS) initially there was an increase in the number of inflammatory cells in the subarachnoid space, noticed even prior to any neurological impairment with accumulation of cells in the VR spaces observed subsequently [17, 21] .
Wuerfel et al. [8] found a significantly larger size of VR spaces in patients with MS than in controls, which was also observed in our study. In addition, they demonstrated an increase in the size and number when contrast-enhancing lesions indicative of blood-brain barrier disruption appeared. However, in our study of a population of Arab ethnicity, we did not find an increased number of VR spaces at three levels as previously reported by Archiron et al. [9] and Etemadifar et al. [7] . The larger size of VR spaces noted in our study could be related to the infiltration of cells that occurs in patients with MS. During the generation and maintenance of inflammatory processes, as occurs in these patients, enlargement due to cell and fluid accumulation occurs that is easily demonstrated on MR images [22] [23] [24] [25] . In a postmortem study in MS patients, Vos et al. [26] demonstrated enlarged VR spaces containing infiltrated leukocytes associated with diffusely abnormal white matter and focal abnormalities on postmortem MRI. Our observation of larger-size VR spaces in the supraventricular region rather than at the level of the basal ganglia or the midbrain could indicate a more significant role for perivascular macrophages and stimulating antigens in VR spaces and possibly a more active immune-mediated response in the convexity region. In our study, the finding of an increased size of VR spaces in the supraventricular region leads us to postulate that these spaces represent sites that serve as triggers for inflammatory activity in the central nervous system. The convexity region could potentially have a more significant role in the generation of inflammatory activity with infiltration of cells and edema compared to the other two levels. Larger studies with a greater number of cases and controls are needed to confirm our findings. It is likely that following up VR space size in specific locations and possibly assessing the change in size during phases of neurologically and radiologically active and inactive disease might demonstrate this observation more conclusively. These parameters could also be studied in relation to varying treatment protocols for MS. These are potential areas of further research.
Conclusion
The frequency of VR spaces was similar for MS and control groups of Arab ethnicity; however, this study indicates the presence of a significantly larger number of dilated VR spaces in the supraventricular region in patients with recently diagnosed MS. This might serve as a marker for the disease and could also serve as a prognostic tool.
